The Effects of Addition to Different Levels of Mealworm (Tenebrio molitor) to Quail Diets on Performance and Carcass Traits
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Intrоduсtiоn
There is a need for diets that require higher amounts of protein to meet the amino acid requirements in order to increase the growth rate and egg production of poultry (Hossain and Blair, 2007) . However, the amino acid composition of plant-based proteins for poultry is lower than that of animal-based proteins, particularly in terms of the content of substantially sulphur-containing amino acids such as methionine. Soybean meal is the most widely used source of vegetable protein in dietary formulations for poultry due to its high quality and quantity of protein and sufficient amino acid profile (Veldkamp et al., 2012) . In order to solve this problem and make poultry production sustainable in the future, quality alternative protein sources are needed. Recently, high demand for fish meal has led to an increase in its price. In addition, increasing production pressure on aquaculture has led to an increase in the research for insect proteins for aquaculture and livestock production (FAO, 2013) . Researching alternative and sustainable animal protein sources is an important issue that requires viable solutions in the short term and makes insects increasingly *  Corresponding author email: yusufcufadar@gmail.com attractive. In recent years, the potential for the use of insect-derived protein sources in poultry diets has attracted much attention. Some insect species have been proposed as an alternative feed additive due to their high protein (30-70% KM) and fat content (30-40% KM). The yellow mealworm (Tenebrio molitor) is native to Europe and is a recognized pest of grain and cereal products (Ramos-Elorduy et al. 2002) . The mealworm contains high amounts of crude protein (47-60%) and fat (31-43%). Fresh larvae of mealworm have a dry matter of 40% and a crude ash content of 1-4.5%.
Some authors suggest that insects may be important as an alternative source of protein for poultry nutrition (Ramos-Elorduy et al. 2002; Veldkamp et al. 2012; Makkar et al. 2014; Sánchez-muros et al. 2014; van Huis 2015) . The effects of mealworm supplementation to the poultry diets on growth performance (Bovera et al., 2015; Bovera et al., 2016; Biasato et al., 2016) and carcass characteristics (Ballitoc and Sun, 2013; Bovera et al., 2016; Biasato et al., 2016) have been recently investigated. Biasato et al. (2016) confirmed that the inclusion of the yellow meal worm did not affect the performance of free-range chickens, so that mealworm could be used safely in poultry diets. In another study, these researchers (Biasato et al., 2018) suggested that increasing levels of dietary mealworm meal inclusion Performance and carcass traits of quails fed by diets containing mealworms were investigated. A total of 200 mixed-sex one-day-old quail chicks were used in the study. The basal diets were supplemented with 0, 2, 4 and 6 % mealworm (Tenebrio molitor). Four levels of dietary mealworm were arranged in a completely randomized design and the treatments were replicated five times with 10 birds. The chicks were randomly assigned to among 20 cage pens. Feed and water were supplied ad-libitum. In the first week of the study, all quails were fed with the control diet. During the next four weeks, the quails were fed with 4 experimental diets. There were significant differences in body weight gain and feed conversion ratio between the treatment groups (P<0.05; P<0.01). The body weight gain of quails fed by diet containing 6 % dietary mealworm was lower than the quails fed by the diets containing 2 % mealworm. Feed conversion ratio increased by feeding with 4 and 6 % dietary mealworm level when compared to the control and 2 % dietary mealworm level group (P<0.01). Feed intake, carcass weight and carcass yield did not differ among the dietary treatments. The study suggested that performance parameters could be lower when dietary level of mealworm meal higher than 2 %.
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Carcass traits Mealworm Performance Quail Sabırlı and Cufadar / Selcuk J Agr Food Sci, (2019) 33 (3), 248-251 in broiler diets may improve body weight and feed intake. In addition, due to its high nutrient digestibility, mealworms were reported to be an alternative protein source for soybean meal and fish meal (Bovera et al. 2015) .
The study aimed to evaluate growth performance and carcass traits of quail chicks fed diets including mealworm meal in order to determine optimum level.
Materials and Methods
A total of 200 mixed sex one-day-old quail chicks were randomly allotted to 4 dietary treatments, each consisting of 5 pens as replicates with 10 chicks per pen. During the first 3 weeks, the animals were heated by halogen lamps to maintain the suitable temperature according to standard breeding practices. Lighting schedule was 23 h light:1 h darkness during the experiment. The yellow mealworm larvae (Tenebrio molitor) was obtained from the company in commercial production (Mira Ltd. Şti., Aksu-Antalya). The larvae were submerged in a boiling water bath for 3 min, dried in an oven at 80°C temperature, then milled.
A diet based on corn and soybean meal was formulated and served as control, while 2, 4, and 6 % mealworm larvae meal inclusion as a partial replacement of soybean meal and soybean oil constituted the 3 experimental treatment groups (Table 1) .
In the first week of the study, all quails were fed with control diet. During the next four weeks the quails were fed with 4 diets consisting of different levels of mealworm. The experimental diets were isonitrogenous and isoenergetic and were formulated. Diets met or exceeded requirements and were adjusted according to NRC (1994) Japanese quail nutrition specifications. Feed and water were provided ad libitum.
Body weight and feed intake of quails was determined at weekly during the experiment. Feed conversion ratio (FCR) was calculated as feed intake / body weight gain (FI/BWG). On the last day (35 days) of the experiment, 4 (two male and two female) quails from each replicate were randomly selected and slaughtered. These quails were weighed and cleaned, and then carcass weights were determined.
The data were analyzed by using the ANOVA in Minitab (2000) . If the treatments were found to be significantly different, then Duncan's multiple range tests was used to determine the differences among treatments (MStat C, 1995) . 
Results
The differences among the groups fed with different levels of dietary mealworm meal in terms of final body weight and body weight gain were statistically significant (P <0.05). The highest body weight and body weight gain was in the group fed with mealworm meal added to diets at the level of 2% (Table 2) . Final body weight of quails fed with mealworm meal containing 4 and 6% diets was lower (P< 0.05) than the quails fed with diet containing 2% mealworm meal Feed intake were not differ (P> 0.05) among the groups. Feed conversion ratio of quails fed diet con- taining 4% and 6% mealworm meal diets were higher than the quails fed diet control (0%) and 2% of the diets containing mealworm meal diets. At the end of the experiment, there was no significant difference between the treatment groups in terms of carcass weights and carcass yield of quails fed with diets containing different levels of mealworm meal (Table 3 and 4) 
Discussion
The present study evaluated the effects of dietary mealworm meal inclusion on growth performance and carcass traits of quails. The body weight, body weight gain and feed conversion ratio of the quails in the present study impaired when fed with diets containing more than 2% mealworm meal, but did not cause any change in feed intake. The previous study results regarding the mealworm meal utilization in poultry are limited and sometimes controversial. Ramos-Elorduy et al. (2002) reported that the addition of full fat mealworm at different levels between 5% and 10% in the diet of broilers fed with soybean meal-based diets did not cause any difference in growth performance. Similarly, Biasato et al. (2016) observed that the addition of 7.5% mealworm to the diet in free-range chickens fed with corn-soybean-based diets did not significantly affect performance. Bovera et al. (2015) reported that there was no difference in the body weight and body weight gain of the broilers between the group fed with mealworm meal containing rations and the control group. Biasato et al. (2018) suggested that the addition of 5, 10 and 15% mealworm to diet in male broiler may improve body weight and feed intake, but may adversely affect feed efficiency, so researchers suggested that low levels of mealworm addition to the diet may be more appropriate. The researchers also reported that there was no significant difference in carcass characteristics between the treatment group and the control group. Ballitoc and Sun (2013) reported that containing 0, 0.5, 1, 2 and 10% fed with mealworms of broilers may positively affect growth performance and carcass yield, and that 2% mealworm use in the broiler diets would be appropriate. Işık and Kırkpınar (2016) reported that body weight gain was higher in broilers fed with 6% mealworm diet than other groups (containing 0 and 2% of mealworm), but it was similar to containing 4% mealworm group. During the experiment, no significant difference was found between the groups in terms of feed conversion ratio of broilers. Researchers have suggested that mealworm can be used as a source of protein in broilers up to 6% without adversely affecting performance.
In conclusion, the use of mealworm meal in quail chicks diets up to 2% may be appropriate and above this level growth performance may be adversely affected.
